Like other mammals, rodents host a variety of microorganisms that can be classified into specific groups according to their ecological relationships with the macro-organism [1, 2] . The frontal part of the digestive tract, especially the oral cavity, is colonised by a wide range of autochthonous and allochthonous micro-organisms, many of which have not yet been taxonomically characterised and belong among the micro-organisms uncultivable by current techniques [3] . This microbial ecosystem is widely studied because of its role in oral health and disease [4] . Because the digestive tract of rodents is quite similar to that of humans, laboratory-reared rodents are often used as animal models to study the effects of specific pathogenic or mutualistic micro-organisms on the human immune system, the role of micro-organisms in the aetiology of human intestinal diseases, etc. [5] . The oral microbiota of rodents is dominated (>99 %) by the phyla Firmicutes and Proteobacteria. Within the phylum Firmicutes, the major genera Streptococcus, Lactobacillus and Staphylococcus have been detected [6] . The oral microbiota is composed of more than 700 bacterial species, of which over 50 % have not been cultivated [7, 8] .
It is not surprising that lactobacilli, together with other lactic acid bacteria, may represent the major bacterial group in the oral cavity of mammals. They are saccharolytic, aero-tolerant, anaerobic or facultatively anaerobic, and are able to adapt to a wide variety of ecological niches as a result of their genomic plasticity [9] . The oral cavity of mammals, providing usable carbohydrates and other nutrients, represents their appropriate ecological niche. Currently, based on the List of Prokaryotic Names with Standing in Nomenclature database, the genus Lactobacillus includes nearly 190 validly named (sub)species [10] . Many species of the lactobacilli present in the frontal parts of the digestive tract occur in the intestines, urinary tract and vaginal environment [11] . The specific adaptation of concrete Lactobacillus species to a particular ecological niche, such as the oral cavity or intestines of mammals, is therefore controversial [9] . The role of oral lactobacilli seems to be ambivalent. Many authors refer to them as the causative agents of oral diseases, such as dental caries, gingivitis and periodontitis [12, 13] , whereas others consider them as potential oral probiotics [14] [15] [16] .
Current ecological and taxonomical research is focused on lactobacilli inhabiting the digestive tract of humans, experimental animals, livestock and important pollinators [17] [18] [19] . However, the oral cavity of wild or home-bred mammals may be a source of uncharacterised lactic acid bacteria. As regards rodents, the Lactobacillus species L. apodemi, L. hamsteri, L. murinus, L. rodentium, L. intestinalis and L. johnsonii have been revealed as their common bacterial symbionts [20] [21] [22] [23] [24] [25] , where the latter two species were exclusively detected in the oral cavity of mice [6] . Unfortunately, the oral microbiota of other rodents, such as guinea pigs, have not been studied so far.
In this study, we evaluated the taxonomical status of a novel obligately heterofermentative Lactobacillus strain, designated MOZM2
T , and found it to belong to the L. reuteri phylogenetic group, based on results of genotypic and phenotypic characterisation. Its taxonomically closest relative was L. reuteri, which represents, notably, the most common Lactobacillus species in the intestines of humans and various animals [17] . This species has been extensively examined as a probiotic bacterium [26, 27] and is a model organism for molecular mechanisms which allow host-specific adaptation [28] .
Isolation of the bacterial strain MOZM2
T was performed as follows. A sterile cotton swab was used to swab the oral cavity of a 10-month-old male home-bred guinea pig which had been fed commercial feed mixtures intended for animals of its kind. The oral sample was immediately transferred into a Hungate tube containing anaerobic tryptone phytone yeast extract (TPY) broth [29] and serially diluted. The dilutions were incubated in Rogosa agar (Oxoid, UK), under anaerobic conditions in an anaerobic jar (Oxoid), at 37 C for 72 h. Isolate MOZM2 T was then preliminarily identified on the basis of its 16S rRNA gene. Genomic DNA for the PCR amplification was extracted using the DNeasy Blood and Tissue Kit (Qiagen, Germany). The amplicons of the 16S rRNA gene were obtained through the 616V and 630R primers, using PCR conditions described previously [30] . The almost-complete 16S rRNA gene sequence (1487 nt) was reconstructed with the sequences derived from both the forward and reverse primers, using the BioEdit version 7.2.5 editor (www.mbio.ncsu.edu/bioedit/page2.html) after CLUSTALW alignment. The EzTaxon-e database [31] The DNA-DNA hybridisation (DDH) technique and multilocus sequence typing analysis had to be implemented as part of the minimal standards for description of a new Lactobacillus species [33] . The high-molecular-weight genomic DNAs [34] of strain MOZM2
T and L. reuteri DSM 20016 T were used for the DDH experiments. The microplate method [35] , based on protocols of Goris et al. [36] and Cleenwerck et al. [37] , was applied. The genomic G+C content value of 37.7 mol% (standard deviation of 0.23, from three independent experiments) assigned to strain MOZM2 T by the modified high-performance liquid chromatography (HPLC) method [38] was used to calculate the hybridisation temperature [36] . The resulting DNA-DNA relatedness percentage (42±2 %) was calculated as the mean on the basis of four independent hybridisation reactions. Reciprocal reactions were performed and also considered as independent experiments. The obtained DNA-DNA relatedness value of 42±2 % was below the 70 % threshold established for species differentiation and allowed us to classify the analysed strain as a separate species, despite the DDH disadvantages mentioned previously [39] .
Genes encoding heat shock protein 60 kDa (hsp60), phenylalanyl-tRNA synthase subunit alpha (pheS) and elongation factor Tu (tuf) were used as additional molecular markers for evaluating the evolutionary distance of strain MOZM2 T from its closest phylogenetic relatives. For PCRs based on H729f-H730r [40] , pheS-21-F-pheS-23-R [41] and TufLbc1-TufLbc2 [42] primer pairs, the template DNA was extracted using the PrepMan Ultra Sample Preparation Reagent (Applied Biosystems, CA) according to the manufacturer's instructions and used at a concentration of 10-100 ng. All PCR amplifications consisted of 1Â OneTaq Quick-Load Master Mix with standard buffer (BioLabs, UK) and primers at a concentration of 0.5 µM. The final sequences derived from the forward and reverse primers were obtained after CLUSTALW alignment with BioEdit version 7.2.5, and were deposited in the NCBI database using the Banklt application. Calculations of gene pairwise similarities were performed with the Geneious version 7. T corresponded to the interspecies levels described for hsp60, pheS and tuf genes by Dobson et al. [40] , Naser et al. [41] and Ventura et al. [42] , respectively, and confirmed their taxonomical differentiation.
Phylogenetic studies were performed using the maximumlikelihood statistical method and the Kimura two-parameter model in MEGA version 5.05 [43] , in conjunction with the gBlocks tool [44] , eliminating poorly aligned positions and divergent regions of a DNA alignment [25] . Sequences of type strains of Lactobacillus species were retrieved from the NCBI database (www.ncbi.nlm.nih.gov/nuccore). The topology of the phylogenetic trees based on 16S rRNA (Fig. 1), hsp60 (Fig. S1 , available in the online Supplementary Material), pheS (Fig. S2) and tuf (Fig. S3 ) gene sequences revealed the novel strain MOZM2
T to be situated on a branch together with L. reuteri within the L. reuteri phylogenetic group. The concatenated phylogenetic tree, reconstructed using the hsp60, pheS and tuf (Fig. S4) gene sequences, confirmed the strain's relatedness to L. reuteri and, simultaneously, its distance from related species within the L. reuteri phylogenetic group. A comparable phylogenetic tree was also obtained using the concatenated pheS and tuf gene sequences (Fig. S5) . The topologies of the trees corresponded to those reconstructed by the neighbour-joining and maximum-parsimony methods (data not shown).
The above analyses suggest that strain MOZM2
T represents a new species of the genus Lactobacillus. However, its close phylogenetic relationship to the L. reuteri type strain led us to carry out further analysis to confirm this presumption; that is, by Autoflex speed MALDI-TOF/TOF mass spectrometry (Bruker Daltonik, Germany). An overnight culture, grown routinely in anaerobic TPY broth, was fixed by an ethanolformic acid procedure and mixed with the a-cyano-4-hydroxycinnamic acid matrix according to the manufac- T were determined by capillary isotachophoresis as described previously [45] . Lactic, acetic and propionic acids were quantified in strain MOZM2
T to be in the concentrations of 110.5 mmol l À1 (55.7 % of all shortchain fatty acids produced), 86.4 mmol l À1 (43.5 %) and 1.6 mmol l À1 (0.8 %), respectively. Similar results were obtained for L. reuteri DSM 20016 T , with concentrations of 100.8 mmol l À1 (52.6 %), 90.3 mmol l À1 (47.1 %) and 0.6 mmol l À1 (0.3 %), respectively. Production of optical isomers of lactic acid was assayed using the D,L-lactic acid kit (Megazyme, Ireland). Gas production from glucose was tested using a Durham tube containing De Man, Rogosa and Sharpe agar (MRS) broth. Both D-and L-lactate and gas from glucose were produced, suggesting that strain MOZM2
T degrades carbohydrates via the 6-phosphogluconate/phosphoketolase pathway and is an obligately heterofermentative Lactobacillus strain [17] .
Biochemical characteristics were evaluated in strains MOZM2
T and L. reuteri DSM 20016 T , using the API 50CHL, RAPID ID32A, API ZYM and API 20A test strips (bioM erieux, France), along with physiological characteristics (temperature and pH growth ranges, tolerance to oxygen), in accordance with our previous studies [18, 25] . Moreover, the peptidoglycan structure and habitats of the strains, along with L. frumenti, L. panis and L. vaginalis strains found to be phylogenetically related species of strain MOZM2 T based on phylogenetic analyses, were included in the phenotypic comparison. The biochemical characteristics and other data for the L. frumenti, L. panis and L. vaginalis strains were retrieved from available literature [17, 46] . As listed in Table 1, strain MOZM2 T fermented D-xylose, starch, methyl-a-D-glucopyranoside and potassium gluconate (the latter two weakly) in contrast to L. reuteri DSM 20016 T . On the contrary, it did not produce arginine dihydrolase, valine arylamidase, cysteine arylamidase and esterase (C4). Overall, the strains differed in their habitats, DNA G+C contents and ability to ferment 17 substrates (Table 1) . Strains MOZM2 T and L. reuteri DSM 20016 T were able to grow under anaerobic (anaerobic jar; Oxoid), microaerophilic (CampyGen; Oxoid) and aerobic conditions. However, the most abundant growth was observed under the anaerobic condition. Both strains grew in the pH range of 4.5-8.5 and within a relatively narrow temperature range (20-45 and 25-45 C, respectively). The results obtained for L. reuteri DSM 20016 T are fully in line with the information provided by Hammes and Hertel [17] .
Cellular fatty acid profiling was performed by gas chromatography [47, 48] . The major fatty acids in strain MOZM2 [18, 19, 49] .
The structure of the peptidoglycan interbridge in strain MOZM2
T was determined using the Identification Service (DSMZ, Germany), based on Schumann's protocols [50] . It was concluded that MOZM2
T displays the peptidoglycan type A4a L-Lys-D-Asp (variation A11.31). This peptidoglycan structure has been detected not only in L. reuteri, but also in the majority of other lactobacilli [17] .
Analysis of the cellular polar lipids [51] of strains MOZM2 T and L. reuteri DSM 20016
T revealed both to contain diphosphatidylglycerol, phosphatidylglycerol, glycolipids, phospho lipids and a lipid, but they differed in their number of T were positive for a-galactosidase, arginine arylamidase, leucine arylamidase, esterase lipase (C8) (both weakly positive reactions), acid phosphatase, and naphthol-AS-BI-phosphohydrolase (both weakly positive reactions), and negative for urease, bgalactosidase-6-phosphate, b-glucosidase, a-arabinosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, glutamic acid decarboxylase, a-fucosidase, nitrate reduction, indole production, alkaline phosphatase, proline arylamidase, phenylalanine arylamidase, pyroglutamic acid arylamidase, tyrosine arylamidase, alanine arylamidase, glycine arylamidase, histidine arylamidase, glutamyl glutamic acid arylamidase, serine arylamidase, lipase (C14), trypsin, a-chymotrypsin, a-mannosidase, gelatin hydrolysis, catalase, and oxidase. Enzymatic activities were not determined in the L. frumenti, L. panis and L. vaginalis strains. *Polar lipid abbreviations: DPG, diphosphatidylglycerol; GL, glycolipid; L, lipid; PG, phosphatidylglycerol; PL, phospholipid. Peptidoglycan type 
Rapid ID 32A + API ZYM: glycolipids (seven versus five, respectively) and phospholipids (six versus one, respectively), as illustrated in Fig. S6 . Diphosphatidylglycerol, phosphatidylglycerol, glycolipids and phospholipids represent the predominant polar lipids in lactobacilli [19, 25] .
Based on these results above, the necessary prerequisites for the validation of a new Lactobacillus species have been met. T =LMG 28780 T ), was isolated from the oral cavity of a 10-month-old male home-bred guinea pig (Cavia aperea f. porcellus). The DNA G+C content of the strain is 37.7 mol%. 
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